Abstract. Inflammatory myofibroblastic tumor (IMT) is a rare type of mesenchymal tumor, which may affect various organs. The preferential site for IMT in the genitourinary system is the urinary bladder, while the presence of IMT in the kidney, and particularly in the renal pelvis, is rare. In the present report, the case of a 43-year-old man who was admitted to the Department of Urology of The Second Xiangya Hospital of Central South University (Changsha, China) in July 2012, with complaints of iterative gross hematuria and abdominal pain unresponsive to antibiotics is described. Computed tomography and magnetic resonance imaging indicated a slightly enhanced mass in the left renal pelvis of 1.5 cm in diameter. On request of the patient, a left nephrectomy was then performed, based on a suspected diagnosis of renal pelvic carcinoma. However, analysis of the intraoperative fast-frozen section exhibited proliferation of compact spindle cells, suggesting IMT. Therefore, further ureterectomy was avoided, and the patient remained in healthy condition thereafter.
Introduction
Inflammatory myofibroblastic tumor (IMT) is a rare entity that was firstly reported in the lung, although it has also been observed in various extrapulmonary anatomic sites (1) . IMT in the kidney is rare, particularly in the renal pelvis. To the best of our knowledge, only six cases of IMT of renal pelvis have been reported in the English literature thus far. The majority of these cases were misdiagnosed as renal pelvic carcinoma prior to surgery, due to the common clinical and pathological characteristics shared by these tumors, and nephroureterectomy was usually performed, based on the preoperative diagnosis of renal pelvic carcinoma (2) . In the present case report, an IMT of renal pelvis is described, which presented with iterative hematuria and abdominal pain, thus mimicking renal pelvic carcinoma. On request of the patient, a left nephrectomy was subsequently performed, but further ureterectomy was not required, since post-surgical analysis of the specimen revealed proliferation of compact spindle cells, which confirmed the diagnosis of IMT.
Case report
A 43-year-old man, presenting with a three-month history of gross hematuria and abdominal pain, was admitted to the Department of Urology of The Second Xiangya Hospital of Central South University (Changsha, China) in July 2012. Prior to the date of admission, the patient had been subjected to anti-inflammatory treatment in another hospital, without experiencing any improvement in his symptoms. There were no remarks on the patient's history other than the fact that the patient had been smoking 20 cigarettes/day for the previous 20 years. Urinalysis revealed an elevated number of red blood cells displaying homogeneity. Routine blood examination indicated infection and anemia, with a leukocyte count of 12.1x10 9 cells/l and hemoglobin levels of 10 9 g/l. Other laboratory tests were negative, and urinary cytology did not detect malignant cells.
Computed tomography (CT) scan revealed the presence of a slightly enhanced mass of 1.5x1.0-cm in size in the left renal pelvis (Fig. 1) . Magnetic resonance imaging (MRI) was performed to further improve the accuracy of the diagnosis. On MRI, the tumor presented slightly low intensity on T1-weighted images and blended intensity on T2-weighted images, and appeared moderately enhanced in the arterial phase (Fig. 2) . Taken together, these clinical and radiological manifestations suggested renal pelvic carcinoma, and a left radical nephrectomy was consequently performed on request of the patient. Post-surgical macroscopical analysis of the specimen revealed a hard grey/brown tumor with obscure boundary located in the pelvis. An intraoperative fast-frozen section was then performed, since transitional cell carcinoma was suspected. The intraoperative pathological results indicated proliferation of compact spindle cells. Therefore, further ureterectomy was avoided, and the patient exhibited a good prognosis at 26 months of follow-up.
Analysis of the postoperative paraffin section revealed various cellular foci composed of compact spindle cells (Fig. 3) . Mild atypia and mitotic activity were observed in focal areas. Diffuse lymphoplasmacytic inflammatory cells, including lymphocytes and neutrophilic leukocytes, infiltrated in the spindle cells. Immunohistochemical analysis with specific monoclonal antibodies against smooth muscle and muscle actin (and HHF35, respectively) demonstrated the specimen to be strongly positive for these markers. By contrast, the sample was negative for cluster of differentiation (CD)34, CD10, B-cell lymphoma 2, p53, anaplastic lymphoma kinase (ALK), Ki-67 and cytokeratin.
Discussion
IMT, also known as inflammatory pseudotumor or plasma cell granuloma, is a rare type of neoplastic lesion involving spindle cells. IMT was firstly reported as plasma cell granuloma in the lung, which is the main site of presentation for this tumor. In the genitourinary system, the urinary bladder has been described as the most common and frequently reported site of IMT (3). However, IMT of renal pelvis is a rare lesion, which mimics renal pelvic carcinoma, due to their similar characteristics.
IMT has been mostly reported in young patients, irrespective of their gender (4). The pathogenesis of IMT remains unknown. Various factors have been considered as potential originators of IMT, including infection, trauma and autoimmunity (5). Infection has been considered as a significant factor in the initiation of IMT, and several bacteria and viruses have been associated with the development of IMT, including Epstein-Barr virus, human herpes virus, Bacillus sphaericus and Mycobacterium tuberculosis (6) . Recently, Li et al (7) described the case of a patient with IMT of kidney, who presented a long-term history of hepatitis B. Therefore, it can be hypothesized that hepatitis B may lead to the development of IMT. In the patient of the present case report, the increase in leukocyte count may have been involved in the development of the IMT of renal pelvis observed in this patient.
In previous studies, hematuria was considered the main symptom exhibited by patients with IMT of renal pelvis, although prolonged fever and abdominal pain were also observed in certain patients (8) . The imaging features of IMTs of renal pelvis are nonspecific, and may vary in CT and MRI, presenting homo-or heterogeneity. In addition, hypo-, iso-, or hyperdensity may be observed in enhanced CT, thus mimicking (9) . Therefore, since radiological imaging findings are nonspecific in the preoperative diagnosis of IMT of renal pelvis, pathological examination combined with immunohistochemistry is essential to establish the final diagnosis of IMT of renal pelvis. It is usually difficult to differentiate between IMT of renal pelvis and other malignant tumors or conditions, such as blood clots of renal pelvis. The detection of ALK protein or rearrangements of the ALK gene has been previously considered a significant feature in the differential diagnosis of IMTs, but ALK + IMTs tend to occur more frequently in young patients, and their detection rate is low (~65% of all IMTs) (10) . In the present case, contrast-enhanced CT scan revealed the presence of a slightly enhanced tumor of 1.5x1.0-cm in size in the left renal pelvis, which mimicked renal pelvic carcinoma. Further examination on MRI was unable to differentiate between IMT, malignancies or blood clots of renal pelvis. Thus, the preoperative diagnosis of the patient was presumed to be renal pelvic carcinoma, according to his clinical symptoms and the radiological findings.
The preferred treatment for IMTs is radical resection of the tumor. In consequence, the patient was subjected to nephrectomy, based on the suspected diagnosis of renal pelvic carcinoma. However, examination of the intraoperative fast-frozen section did not identify any malignancy. IMTs of renal pelvis usually display a benign disease course, with no cases of relapse or metastasis reported in the literature (11) . However, malignant progression of IMTs in other anatomic sites has previously been reported (12) . IMTs usually present a good prognosis (5) . In the present case, the patient has remained asymptomatic without any evidence of IMT for >26 months of follow-up.
In conclusion, IMTs of renal pelvis are rare tumors, which occasionally may cause iterative hematuria that is unresponsive to antibiotics. In previous cases reported in the literature, IMTs of renal pelvis were frequently misdiagnosed as malignancies or blood clots, and consequently, the patients were often subjected to nephrectomy or nephroureterectomy, based on a suspected diagnosis of renal pelvic carcinoma. Examination of an intraoperative fast-frozen section of the resected material may be aid in the treatment and differential diagnosis of IMT of renal pelvis, in order to avoid any unnecessary further ureterectomy (13) .
In conclusion, the accurate diagnosis of IMTs remains a challenge. Therefore, the findings described in the present case report may contribute to improving the diagnostic accuracy of IMTs of renal pelvis. 
